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Abstract 
Control of chlorine gas release is a major concern for most chlor-alkali industries. Normally manual and proportional-derivative-
integral control strategies are provided for control. In HCl synthesis plant there are chances of chlorine leakage to atmosphere 
under certain fault conditions. The limit of chlorine release at stack is 6ppm and its exposure limit at ground is 2ppm. If the 
chlorine release exceeds the limits it may cause pollution problems and in turn will affect human life and environment. This 
project defines a control strategy to limit the chlorine gas release from the stack by a control mechanism that measures the 
chlorine concentration at the stack and control the inlet flow rate of chlorine gas to the oven. For this control mechanism PID, 
Fuzzy logic and Fuzzy-PID strategies are used and of the three, Fuzzy-PID is the best controller which would efficiently limit the 
release of chlorine gas to atmosphere 
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1. Introduction 
Air pollution is defined as the addition of various hazardous chemicals, particulate matter, toxic substances and 
biological organisms into the Earth's atmosphere. In case of chlor-alkali industries the main reason of air pollution is 
the leakage of chlorine gas to Earth’s atmosphere. When chlorine enters the body as a result of breathing, 
swallowing, or skin contact, it reacts with water to produce acids. The acids are corrosive and damage cells in the 
body on contact Chlorine exhaust and leakage can be minimized by providing necessary control strategies and 
mechanisms that would control the chlorine release to atmosphere. This paper proposes such a control strategy that 
would minimize the release of chlorine from chlor-alkali plants. The control strategy uses Fuzzy logic control and 
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PID control mechanisms using Matlab which would provide accurate control to limit the chlorine release from the 
stack. 
2. Problem Definition 
The exhaust rate of chlorine is checked by supplying excess hydrogen through a ratio control mechanism that senses 
the flow rates of both hydrogen and chlorine. This control is enough when the plant is operating at normal 
conditions. During some fault conditions i.e. condensate collection in hydrogen line, blower loading, line choking, 
line control valve failure, oven burner tip failure, excess flow rate of purge chlorine etc. will lead to release of un-
reacted Cl2 gas to atmosphere. The limit of Cl2 release at stack as prescribed by Kerala State Pollution Control 
Board is 6ppm. If the Cl2 release exceeds the limits it may cause pollution problems and which in turn will affect 
human life and environment.  
3. Objective 
The objective is to limit the chlorine gas release from the stack of oven so as to reduce the effect of pollution. The 
gas release is limited or controlled by a control mechanism that measures the chlorine concentration at the stack and 
control the inlet flow rate of chlorine gas to the oven. A chlorine gas analyzer is to be installed at stack that gives 
signals to the controller about chlorine concentration. The controller controls the inlet chlorine flow rate hence 
controlling the exhaust chlorine concentration. 
4. System Architecture 
Fig. 1. Proposed structure of control system 
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The structure has a chlorine gas analyzer, which measure the concentration of chlorine gas release at the stack. The 
signal from the analyzer i.e. concentration of chlorine in the  form of voltage/current is supplied to a controller that 
gives necessary control signals to control the flow rate of chlorine gas inlet to oven. Ratio controller provided 
adjusts the flow rate of hydrogen depending on the flow rate of inlet chlorine gas to get the desired concentration of 
HCl acid. The control of inlet chlorine flow rate is carried out using PID, Fuzzy and Fuzzy-PID controller. . The 
proposed structure is shown in Fig 1.  
5. Methodology 
Design of the controller involves creating a model of the system and then applying different control mechanisms to 
the system model. Response of each controller is analyzed and a perfect controller is selected for this problem. The 
system is modeled between chlorine concentration at stack and inlet chlorine flow rate.  
5.1. System Identification and Modeling 
The data for process identification is calculated from process history in DCS and process data recorded. The flow 
rate of chlorine gas is the manipulated variable and the process variable is the chlorine concentration at stack outlet. 
The transfer function for the process with chlorine concentration at the stack as PV (process variable) and flow rate 
of chlorine gas as MV (manipulated variable) is 
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Here Y(s) = f (chlorine concentration at stack), U(s) = f (inlet chlorine gas flow rate), No: of Poles =2,                  
No: of zeros = 1, Mean square error for estimation = 2.016 
5.2. Controller Design 
Three different controller designs are used namely PID controller, Fuzzy logic controller and Fuzzy-PID controller. 
These controllers are applied to the transfer function model obtained using system identification and response is 
evaluated. 
A. Design of PID controller 
The PID controller design for the exhaust chlorine gas concentration control in the HCl synthesis unit is done using 
Zeigler Nichols Tuning method.  
Fig. 2. PID controlled system 
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The gains obtained through ZNT method is applied to the ideal, parallel form of the PID controller. When applied to 
the standard PID form, the integral and derivative time parameters Ti and Td are only dependent on the oscillation 
period Pu. Ziegler Nichols formula ensures good load disturbance attenuation, but it generally provides a poor phase 
margin and therefore it produces a large overshoot and settling time in the step-response. The overall control scheme 
for Zeigler Nichols Method is shown in Fig 2. Tuning parameters are KP=8, Ki= Kp/Ti =1, Kd = Kp*Td =.5 
B. Design of Fuzzy Logic controller 
The Fuzzy logic controller algorithm is implemented in Matlab with a five-member fuzzy inference system used for 
the input parameters, that is, error and change in error and also for the output. A Mamdani-type fuzzy inference 
approach is utilized. 
Triangular membership functions are used for inputs (error and derivative of error) and output. Each membership 
function has 5 parameters NB (Negative Big), NM (Negative Medium), ZR (Zero), PM (Positive Medium) & PB 
(Positive Big).  
Fig. 3. Membership function in Fuzzy controller - output 
NB stands for negative big with numerical equivalent of 0, NM stands for negative medium with numerical 
equivalent value of 0.25, ZR stands for zero with numerical equivalent value of 0.5, PM stands for positive medium 
with a numerical equivalent of 0.75, and PB stands for positive big with numerical equivalent of 1. 
The fuzzy logic controller setup in Matlab/Simulink environment is shown in Fig 4. Here the error and derivative of 
error are supplied as inputs to the fuzzy logic controller through a multiplexer. For the error side saturation block is 
provided to linearize. The output of the Fuzzy logic controller is multiplied with a small gain value of k2=.73 and 
then fed to the transfer function model. 
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Fig. 4. Fuzzy Logic controlled system 
C. Design of Fuzzy-PID controller 
A Fuzzy-PID controller is combination of both Fuzzy logic controller and proportional integral derivative controller. 
Fuzzy logic controller has error and derivative of error as input and its output is fed to the PID controller. 
Fig. 5. Fuzzy PID controlled system 
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The same set of membership functions and rules are used for the fuzzy controller as used in fuzzy standalone 
controller. Only difference is in the range of membership functions of input and output. 
Here the error and derivative of error are supplied as inputs to the fuzzy logic controller through a multiplexer. The 
output of the Fuzzy logic controller is fed through an error block where the fuzzy output is multiplied with overall 
error and compared with the present output, to the PID controller. This error blocks helps in tuning the proportional 
gain of the controller. In this combination type controller, proportional, integral and derivative gains are tuned using 
trial and error method. Kp= 8, Ki=.1, Kd=.5. 
6. Simulation results and discussion 
The step responses of these controllers are analyzed and a comparison is made between these controllers on the basis 
of certain transient response specifications. 
6.1. Step response of PID controller 
By tuning PID controller using Zeigler Nichols Method we get the unit step response as shown in Fig 6. The 
response is oscillatory, has percentage overshoot of 5.3% and it settles at about 40 sec. 
Fig. 6. Step Response of PID controlled system 
6.2. Step response of Fuzzy logic controller 
The step response of this fuzzy logic controlled system is shown in Fig 7. It is obtained by applying step input the 
fuzzy logic system. The response reaches steady state by 33 seconds and the peak overshoot is 3.75 % which less in 
magnitude than the PID controller. The number of oscillations in the output before it reaches steady state is less 
when compared to that of the PID controller 
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Fig. 7. Step Response of Fuzzy logic controlled system 
6.3. Step response of Fuzzy-PID controller 
Fig. 8. Step Response of Fuzzy-PID logic controlled system 
The step response of this fuzzy logic controlled system is shown in Fig 8. It is obtained by applying step input the 
Fuzzy-PID system. The response reaches steady state very quickly by 1.2 seconds, the peak overshoot is negligible 
and oscillations are rarer. The only problem in this controller is that it has a small dead band of 1 second, which is 
considered negligible in this process. 
From the table below we can understand that Fuzzy-PID combination controller gives the most accurate and smooth 
results. For controlling the pollution ie chlorine concentration at the stack, Fuzzy-PID controller is the optimum one. 
It has a small rise time and delay time of 1 sec and even the settling time is very less around 1.2 sec, no overshoot is 
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present and the transient behaviour is devoid of any oscillations. 
Table 1. Comparison of different controllers 
Controller Rise time  
(sec) 
Delay time 
(sec) 
Settling time 
(sec) 
Peak 
overshoot (%) 
Peak overshoot (%) 
PID 3.01 2.165 40 5.3 oscillatory 
Fuzzy 6.77 4.22 33 3.75 Less oscillatory 
Fuzzy-PID 1.0 1.0 1.2          0 smooth 
      
 
7. Conclusion 
This paper is a proposal for the control of atmospheric pollution and its after effects caused by the release of 
unreacted chlorine gas from the stack of the oven in HCl Synthesis Plant. The chlorine concentration at the stack can 
be controlled by installing a chlorine gas analyzer at the stack and setting up a controller which manipulates the 
input flow rate of chlorine gas into the oven. 
The data collected from DCS and records are combined together along with maximum possible error situations and a 
data table is set up between chlorine concentration at the stack and the input flow rate of chlorine gas into the oven. 
A system transfer function is modeled with chlorine concentration at the stack as process variable and input flow 
rate of chlorine gas to oven as the manipulated variable using the System Identification toolbox in Matlab. PID 
controller have lower rise time and delay time when compared to Fuzzy logic controllers, but Fuzzy logic controller 
has less settling time and less number of oscillations and small overshoot than PID controller. The Fuzzy-PID 
combination controller is the most effective of the three with a very small settling time, rise time, delay time, zero 
overshoot and no oscillations. 
The Fuzzy-PID combination controller is the best controller that can be used to regulate the chlorine concentration at 
the stack of the oven in HCl synthesis plant 
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